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(54) Semiconductor device with two insulators of different dielectric constant and fabrication 
process thereof 



(57) Described in the present invention is a semi- 
conductor device in which a plurality of interconnect 
lines are disposed, through an insulating layer, on the 
same layer above a semiconductor substrate having a 
semiconductor element; a first irrterlevel insulator is 
formed selectively in a narrowly-spaced region between 
adjacent interconnect lines; a second interlevel insula- 
tor is formed in a widely-spaced region between said 
adjacent interconnect lines, and the first interlevel insu- 
lator has a smaller dielectric constant than the second 
interlevel insulator. According to such a constitution, 
strength and reliability can be heightened and perform- 
ance can be improved easily even in a miniaturized 
interconnect structure. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a semiconductor device 
and fabrication process thereof, particularly to a minia- 
turized interconnect structure and fabrication process 
thereof. 

2. Description of the Related Art 

With a tendency to miniaturization of a semicon- 
ductor element, multilevel miniaturized interconnection 
has become indispensable for the constitution of a sem- 
iconductor device. In recent days, as an interlevel insu- 
lator for such a semiconductor device having multilevel 
interconnection, silicon dioxide film type insulators hav- 
ing a relatively small dielectric constant and stable qual- 
ity have come to be used mainly in order to reduce a 
parasitic capacitance between upper and lower inter- 
connect layers or within the same interconnect layers. 

The miniaturization of a semiconductor element 
brings about reductions in the interconnect width and 
interconnect distance of the lower layers, but it becomes 
necessary to secure a certain extent of cross-sectional 
area for interconnection to avoid an increase in the 
interconnect resistance. As a result, an aspect ratio 
(interconnect height/ interconnect distance) between 
interconnect layers as well as an aspect ratio (intercon- 
nect height/interconnect width) of an interconnect layer 
shows an increase, which has come to bring about a 
marked increase in a parasitic capacitance between 
interconnect layers, lower a propagation rate of signals 
or cause crosstalk (a phenomenon that signal noises 
appear between adjacent interconnect layers) between 
interconnect layers frequently. 

When a large stepped portion exists on the surface 
of an interlevel insulator, a fine resist pattern cannot be 
formed, upon formation of an upper interconnect layer, 
by photolithography because of a shortage in a focus 
margin. Even if a fine resist pattern can be formed, dis- 
connecting portion or etching remnants of interconnect 
materials are generated at the stepped portion of the 
upper layer owing to a large step difference. The surface 
of an interlevel insulator is therefore required to be 
planarized. 

With a view to overcoming the problems caused by 
such fine multilevel interconnection, various means of 
employing an interlevel insulator having a low dielectric 
constant have been proposed. For example, proposed 
is a technique described in "Semiconductor World, No. 
8, 26-30(1995)" which is a monthly journal. The pro- 
posed technique will next be described with reference to 
acc mpanying drawings. 

FIGS. 8 and 9 are cross-sectional views of a dou- 
ble-level interconnect structure for illustrating the above 



conventional technique in the order of fabrication steps. 
As illustrated in FIG. 8(a), a thick insulating layer 101 is 
formed on the surface of a silicon substrate. Over this 
thick insulating lay r 101 , a first barrier metal layer 102, 

s a first interconnect m tal layer 1 03 and a second barrier 
metal layer 104 are formed by stacking them one after 
another. Over the second barrier metal layer 104, a 
mask insulating layer 105 is formed, followed by the for- 
mation of a resist mask 101a by photolithography. 

w With the resist mask 101a as an etching mask, the 
mask insulating layer 105 is subjected to reactive ion 
etching (RIE), whereby hard mask layers 105a and 
105b are formed. The resist mask 101a is then 
removed, followed by dry etching of the second barrier 

15 layer 104, first interconnect metal layer 103 and first 
barrier metal layer 102 successively with the hard mask 
layers 105a and 105b as masks. In this manner, as illus- 
trated in FIG. 8(b), formed on the thick insulating layer 
101 are the first barrier metal layers 102a and 102b, on 

20 which first interconnect layers 103a and 103b are 
formed, respectively. On the first interconnect layers 
103a and 103b, second barrier metal layers 104a and 
104b are formed, respectively. 

As illustrated in FIG. 8(c), a protective insulating 

25 layer 1 06 is then formed to cover the whole surface, fol- 
lowed by the formation of an organic SOG layer 107. 

As illustrated in FIG. 8(d), the organic SOG layer 
107 is then polished by chemical machanical polishing 
(CMP) and is planarized. Here, the protective insulating 

30 layer 106 functions as an etching stopper layer. In this 
manner, a first interlevel insulator composed of a pro- 
tective insulating layer 1 06 and an organic SOG layer 
107 is formed. The organic SOG layer 107 is a low-die- 
lectric-constant insulating layer having a relative dielec- 

35 trie constant as low as about 3. In comparison, a silicon 
dioxide layer has a relative dielectric constant of about 
4. 

As illustrated in FIG. 9(a), a second interlevel insu- 
lator 108 is formed over the first interlevel insulator, fol- 

40 lowed by the formation of a through-hole 109, which 
reaches the second barrier metal layer 104a, in an inter- 
level insulator, that is, a second interlevel insulator 108, 
the protective insulating layer 106 and the hard mask 
layer 105a above the first interconnect layer 103a. 

45 As illustrated in FIG.9 (b), a metal plug 110 to be 
connected with the second barrier metal layer 104a is 
then filled in the through-hole and a third barrier metal 
layer 111 to be connected with the metal plug 110, a 
second interconnect layer 1 12 and a fourth barrier metal 

so layer 1 1 3 are formed successively. 

In such an interconnect structure, the first intercon- 
nect layers 103a and 103b which are contiguous each 
other are formed on the thick insulating layer 101 with 
the insulating layer formed of the protective insulating 

55 layer 106 and organic SOG layer 107 therebetween. 
The interlevel insulator formed in the lower interconnect 
region has been planarized. 

According to the above-described manner, an inter- 
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connect structure having a low-dietectric-constant insu- 
lating film formed between adjacent interconnect lines 
and having a planarized interlevel insulator can be fab- 
ricated. 

In the interconnect structure of a semiconductor s 
device according to the conventional method as 
described above, however, a low-dielectric-constant 
insulating layer is formed even in a widely-spaced 
region between adjacent interconnect lines. The Icw- 
dielectric-constant insulating layer has, in general, a 
large coefficient of thermal expansion and its strength is 
low, which tends to cause cracks in the interlevel insula- 
tor of the semiconductor device. Particularly, in the case 
of a multilevel interconnect structure, such a phenome- 
non occurs frequently. 

According to the convent onal method, a low-dielec- 
tric-constant insulating layer is formed all over the 
region except the interconnect lines and the side por- 
tions of interconnect lines. The low-dielectric-constant 
insulating layer generally has high hygroscopicity. This 
tendency increases with the lowering in the dielectric 
constant. An increase in the water content in the inter- 
level insulator lowers the insulation property, leading to 
the deterioration in the quality of the interconnect struc- 
ture. Such a loss of reliability becomes more eminent in 
the case of a multilevel interconnect structure. 

Such a loss of reliability of the interconnect struc- 
ture, on the contrary, imposes a limitation on a tendency 
to reduce the dielectric constant of an interlevel insula- 
tor. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
interconnect structure which brings about an improve- 
ment in the reliability of a miniaturized interconnect 
structure, facilitates the heightening of an interconnect 
performance and is capable of meeting the require- 
ments of a multilevel miniaturized interconnect layer, 
fabrication process thereof. 

In the present invention, there is thus provided a 
semiconductor device wherein a plurality of intercon- 
nect lines are disposed, through an insulating layer, on 
a same layer above a semiconductor substrate having a 
semiconductor element, a first interlevel insulator is 
formed selectively in a narrowly-spaced region between 
adjacent interconnect lines, a second interlevel insulator 
is formed in a widely-spaced region between adjacent 
interconnect lines, and said first interlevel insulator has 
a dielectric constant smaller than said second interlevel 
insulator. 

Here, it is possible that said first interlevel insulator 
has been formed in a region of one section including 
said plurality of interconnect lines. 

It is also possible that a portion of the insulating 
layer n said semiconductor substrate in a narrowly- 
spaced region between adjacent interconnect lines has 
been hold and said first interlevel insulator has been 



filled in a region between said interconnect lines and 
also in the holed region of said insulating layer. 

It is also possible that third interlevel insulators hav- 
ing a dielectric constant greater than that of said first 
interlevel insulator have been formed on the upper sur- 
face of said interconnect lines and said first interlevel 
insulator has also been filled in a region between said 
third interlevel insulators on said interconnect lines. 

It is also possible that a fourth interlevel insulator 
having a dielectric constant larger than that of said first 
interlevel insulator has been formed on a side wall of 
said interconnect lines. 

It is also possible that in a multilevel interconnect 
structure formed on a semiconductor substrate, the 
lower and upper interconnect structures both have been 
formed to have the interconnect structure as described 
above. 

In the present invention, there is also provided a 
process for the fabrication of a semiconductor device, 
which comprises a step of forming, on a semiconductor 
substrate, a base interlevel insulator and a first etching 
stopper layer by stacking them one after another; a step 
of forming an inorganic insulating layer having a prede- 
termined thickness on said first etching stepper layer; a 
step of dry etching said inorganic insulating layer to 
form grooves for a plurality of interconnect patterns in 
said inorganic insulating layer while preventing the etch- 
ing of said base interlevel insulator by using said first 
etching stopper layer as a stopper; a step of filling a 
metallic material in said grooves, thereby forming a plu- 
rality of interconnect lines; a step of removing the inor- 
ganic insulating layer between predetermined ones of 
said interconnect tines while preventing the etching of 
the base interlevel insulator by using said first etching 
stopper layer as a stopper; and a step of embedding a 
Icw-dielectric-constant insulating layer in said inorganic- 
insulating-layer-removed region between adjacent inter- 
connect lines. 

In the present invention, there is also provided a 
process for the fabrication of a semiconductor device, 
which comprises a step of stacking and forming, on a 
semiconductor substrate, a base interlevel insulator, a 
first etching stopper layer, an intermediate interlevel 
insulator and a second etching stopper layer succes- 
sively in the order of mention; a step of forming an inor- 
ganic insulating layer of a predetermined film thickness 
on said second etching stopper layer; a step of dry etch- 
ing said inorganic insulating layer, thereby forming 
grooves for a plurality of interconnect patterns in said 
inorganic insulating layer while preventing the etching of 
said intermediate interlevel insulator by using said sec- 
ond etching stopper layer as a stopper; a step of filling a 
metallic material in said grooves, thereby forming a plu- 
rality of interconnect lines; a step of removing a prede- 
termined region of the inorganic insulating layer 
between said interconnect lines, said second etching 
stopper layer and the intermediate interlevel insulator, 
by dry etching while preventing the etching of said base 
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interlevel insulator by using said first etching stopper 
layer as a stopper; and a step of embedding a lownjie- 
lectric-constant insulating layer in the removed region 
betw en said interconnect lin s. 

In the present invention, there is also provided a 
process for the fabrication of a semiconductor device, 
which comprises a step of stacking and forming, on a 
semiconductor substrate, a base interlevel insulator, a 
first etching stopper layer, an intermediate interlevel 
insulator and a second etching stopper layer in the order 
of mention; a step of forming, on said second etching 
stopper layer, a first inorganic insulating layer having a 
predetermined thickness; a step of dry etching said first 
inorganic insulating layer to form grooves for a plurality 
of interconnect patterns in said first inorganic insulating 
layer, while preventing the etching of said intermediate 
interlevel insulator by using said second etching stopper 
layer as a stopper; a step of filling a metallic material in 
said grooves to form a plurality of interconnect lines and 
then adhering a second inorganic insulating layer on the 
upper surface of said first inorganic insulating layer and 
said interconnect lines; a step of removing a predeter- 
mined region of said second inorganic insulating layer, 
first inorganic insulating layer between said interconnect 
lines, said second etching stopper layer and said inter- 
mediate interlevel insulator by dry etching while pre- 
venting the etching of said base interlevel insulator by 
using said first etching stopper layer as a stopper; and a 
step of embedding a low-dielectric-constant insulating 
layer in the removed region between said interconnect 
lines. 

In the present invention, there is also provided a 
process for the fabrication of a semiconductor device, 
which comprises a step of forming a base interlevel 
insulator on a semiconductor substrate; a step of form- 
ing, on said base interlevel insulator, an inorganic insu- 
lating layer having a predetermined film thickness; a 
step of dry etching said inorganic insulating layer to 
form therein grooves for a plurality of interconnect pat- 
terns; a step of filling a metallic material in said grooves, 
thereby forming a plurality of interconnect lines, a step 
of removing the inorganic insulating layer between pre- 
determined ones of said interconnect lines by dry etch- 
ing; and a step of embedding a low-dielectric-constant 
insulating layer in said inorganic-insulating-layer- 
removed region between said interconnect lines. 

In the present invention, there is also provided a 
process for the fabrication of a semiconductor device, 
which comprises a step of forming a base interlevel 
insulator on a semiconductor substrate; a step of form- 
ing on said base interlevel insulator a first inorganic 
insulating layer having a predetermined film thickness; a 
step of dry etching said first inorganic insulating layer to 
form therein grooves for a plurality of interconnect pat- 
terns; a step of filling a metallic material in said grooves, 
thereby forming a plurality f interconnect lines, and 
adhering a second inorganic insulating layer onto the 
upper surface of said first inorganic insulating layer and 



said interconnect lines; a step of removing a predeter- 
mined region of said second inorganic insulating layer 
and the first inorganic insulating layer between said 
interconnect lines by dry etching; and a step of embed- 

s ding a low-dielectric-constant insulating layer in said 
first- and second -inorganic-insulating-layers-removed 
region between said interconnect lines. 

The above fabrication process may further com- 
prises a step of forming a third inorganic insulating layer 

w on side walls of said interconnect lines prior to the step 
of embedding said low-dielectric-constant insulating 
layer. 

In the present invention, as described above, a low- 
dielectric-constant insulating layer is formed only in a 

is predetermined region of a plurality of interconnect lines, 
and an insulating layer having low hygroscopicity, excel- 
lent in insulating property and dynamic strength is 
formed in the other region. The present invention there- 
fore permits the easy fabrication of multilevel intercon- 

20 nection having a high propagation rate of signals and 
high reliability even in the case of a miniaturized struc- 
ture. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

FIG. 1 is a cross-sectional view of an interconnect 
part for illustrating a first embodiment of the present 
invention. 

FIG. 2 is a cross-sectional view of the first embodi- 
ed ment of the present invention in the order of fabrication 
steps. 

FIG. 3 is a cross-sectional view of the first embodi- 
ment of the present invention in the order of fabrication 
steps. 

35 FIG. 4 is a cross-sectional view of the first embodi- 
ment of the present invention in the order of fabrication 
steps. 

FIG. 5 is a cross-sectional view of an interconnect 
part for illustrating a second embodiment of the present 
40 invention. 

FIG. 6 is a cross-sectional view of the second 
embodiment of the present invention in the order of fab- 
rication steps. 

FIG. 7 is a cross-sectional view of an interconnect 
45 part for illustrating a third embodiment of the present 
invention. 

FIG. 8 is a cross-sectional view illustrating the con- 
ventional art in the order of fabrication steps. 

FIG. 9 is another cross-sectional view illustrating 
so the conventional art in the order of fabrication steps. 

BRIEF DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

55 The embodiments of the present invention will next 
be described with reference to accompanying drawings. 
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[First Embodiment] 

FIG. 1 is a cross-sectional view of an interconnect 
part for illustrating the first embodiment and FIGS. 2 to 
4 are cross-sectional views in the order of steps for the 
fabrication of such an interconnect part. 

As illustrated in FIG. 1 , a first stopper layer 2 having 
a thin film thickness is formed on a thick insulating layer 
1 formed on the surface of a semiconductor substrate 
such as silicon substrate. Here, the thick insulating layer 
1 is an element isolation insulating layer such as field 
oxide layer. On the first stopper layer 2, a plurality of 
lower interconnect lines 3 are formed. 

In a widely-spaced region between adjacent inter- 
connect lines in the lower interconnect lines, a first inter- 
level insulator 4 is formed, while in a narrowly-spaced 
region, a low-dielectric-constant insulating layer 5 is 
formed. Here, the first interlevel insulator 4 is composed 
of an ordinarily employed silicon dioxide layer and has a 
relative dielectric constant as high as about 4. On the 
other hand, the low-dielectric-constant insulating layer 5 
is composed of an organic insulating layer or the like 
and is set to have a relative dielectric constant smaller 
than that of the first interlevel insulator 4. 

A second interlevel insulator 6, a second stopper 
layer 7 and a third interlevel insulator 8 are formed by 
stacking them one after another so as to cover the lower 
interconnect layer therewith. In a predetermined region 
of the stacked insulating layers, a metal plug 9 is then 
filled to form an electrical connection with a lower inter- 
connect Iine3. On the third interlevel insulator 8, an 
upper interconnect line 10 is formed and is electrically 
connected with the metal plug 9. Here, the second inter- 
level insulator 6 and the third interlevel insulator 8 are 
each composed of an ordinarily employed silicon diox- 
ide layer or the like having a low hygroscopicity. 

Similar to the case of the lower interconnect layer 
described above, in a widely-spaced region between 
adjacent interconnect lines 10, a fourth interlevel insula- 
tor 11 is formed, while in a narrowly-spaced region 
between adjacent interconnect lines, a low-di electric- 
constant insulating layer 5a is formed. Here, the fourth 
interlevel insulator 11 is composed of an ordinarily- 
employed silicon dioxide film and has a relative dielec- 
tric constant as high as about 4. On the other hand, the 
low-dielectric-constant insulating layer 5a is composed 
of an organic insulating film or the like and is set to have 
a relative dielectric constant smaller than that of the 
fourth interlevel insulator 11. 

As described above, in the interconnect structure 
according to the present invention, an ordinarily 
employed insulating layer such as silicon dioxide film is 
formed in a widely-spaced region between adjacent 
interconnect lines. Here, the insulating layer is com- 
posed of an insulating material having low hygroscopic- 
ity and high strength. In a narrowly-spaced region 
between adjacent interconnect lines, a low-dielectric- 
constant insulating layer is formed selectively. 
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A description will next be made of a fabrication 
process of the interconnect structure as described 
above with reference to accompanying drawings 2 to 4. 
As illustrated in FIG. 2(a), a thick insulating layer 1 such 

5 as silicon dioxide layer is formed on a silicon substrate, 
followed by the formation of a first stopper layer 2 on the 
thick insulating layer 1. Here, the first stopper layer 2 is 
a silicon nitride film of about 50 nm thick which is depos- 
ited by the plasma CVD method which is a chemical 

w vapor deposition (CVD) method. 

On the first stopper layer 2, a first interlevel insula- 
tor 4 is then formed. The first interlevel insulator 4 is a 
silicon dioxide film of 500 nm thick which is deposited by 
the plasma CVD method. On the first interlevel insulator 

15 4, resist masks 12 are formed by photolithography. The 
distance between the patterns of these resist masks 12 
are set at 0.3 fim or so. 

As illustrated in FIG. 2(b), the first interlevel insula- 
tor 4 is then processed by RIE with the resist masks 12 

20 as etching masks. For RIE, a mixed gas of C 4 F 8 and CO 
is used as a reaction gas. Such a gas hardly etches the 
first stopper layer 2 formed of a silicon nitride film, 
because a selection ratio, upon etching, of the first inter- 
level insulator 4 which is a silicon dioxide film becomes 

25 as high as about 30 compared with that of the first stop- 
per layer 2. 

Resist masks 12 are then removed, followed by the 
deposition of a metal interconnect layer 13 by the CVD 
method so as to cover the first interlevel insulator 4 as 
30 illustrated in FIG. 2(c). Here, the metal interconnect 
layer 13 is AJ or Cu, or alloy thereof, or a high-melting- 
point metal film such as tungsten. 

As illustrated in FIG. 2(d), the metal interconnect 
layer 13 is then polished by the CMP method to remove 
35 the unnecessary portions, whereby lower interconnect 
lines 3 embedded in the patterned first interlevel insula- 
tors 4 are formed. In other words, embedded intercon- 
nection (which will hereinafter be called "damascene 
interconnection") having an interconnect height of about 
40 0.5 nm is formed. 

As illustrated in FIG. 3(a), resist masks are then 
formed so as to expose a portion of the first interlevel 
insulator 4 in a narrowly-spaced region between adja- 
cent interconnect lines but to cover another portion of 
45 the first insulating layers 4 in a widely-spaced region 
between adjacent interconnect lines, in lower intercon- 
nect lines 3 of damascene interconnection. 

As illustrated in FIG. 3(b), only the above-described 
first interlevel insulator 4 in the narrowly-spaced region 
so between adjacent interconnect lines is removed by RIE 
with resist masks 1 4 and a portion of the lower intercon- 
nect lines 3 as etching masks. Here, a mixed gas of 
C 4 F 8 and CO is used as a reaction gas for RIE. When 
the above reaction gas is used, the lower interconnect 
55 lines 3 are not etched and also the thick insulating layer 
1 is not etched, protected by the first stopper layer 2. 

As illustrated in FIG. 3(c), a low-dielectric-constant 
insulating layer 5 is formed all over the surface. For 
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example, a coating solution to form an organic SOG film 
is applied all over the surface by roll coating. Here the 
coating solution is filled in a space between the lower 
interconnect lines 3 from which the first interlevel insula- 
tor 4 has been removed. The coating solution is then 5 
thermoset by heat treatment, whereby the above- 
described organic SOG film is formed. The organic 
SOG film so formed has a relative dielectric constant of 
3 or smaller. 

The organic SOG film which is a low-dielectric-con- 10 
stant insulating layer 5 is then polished by the CMP 
method to remove unnecessary portions from the layer 
and planarized. As illustrated in FIG. 3(d), a low-dielec- 
tric-constant insulating layer 5 is formed selectively in a 
narrowly-spaced region between adjacent lower inter- 15 
connect lines 3. 

As illustrated in FIG. 4(a), a second interlevel insu- 
lator 6, a second stopper layer 7 and a third interlevel 
insulator 8 are formed by stacking them one after 
another so as to cover the lower interconnect lines 3, 20 
first interlevel insulator 4 and low-dielectric-constant 
insulating layer 5. Here, the second interlevel insulator 6 
and third interlevel insulator 8 are silicon dioxide films of 
200 nm and 300 nm thick, respectively, deposited by the 
plasma CVD method. The second stopper layer 7 is, on 25 
the other hand, a silicon nitride film of about 50 nm thick 
deposited by the plasma CVD method. 

As illustrated in FIG. 4(b), in a predetermined 
region of the second interlevel insulator 6, second stop- 
per layer 7 and third interlevel insulator 8 is then formed 30 
a through-hole, in which a metal plug 9 is filled to form 
an electrical connection with one of the lower intercon- 
nect lines 3. Here, the metal plug 9 is formed, for exam- 
ple, by polishing unnecessary portions of a tungsten 
film, which has been deposited by the CVD method, by 35 
the CMP method. 

The third interlevel insulator 8 is then overlaid with 
upper interconnect lines 10 and a fourth interlevel insu- 
lator 11. The upper interconnect layer is formed in a 
similar manner to the above-described lower intercon- 40 
nect layer. 

As illustrated in FIG. 4(c), the fourth interlevel insu- 
lator 1 1 and the third interlevel insulator 8 in a narrowly- 
spaced region between adjacent upper interconnect 
lines 10 are etched successively by RIE as described as 
with reference to FIGS. 3(a) and (b). Here, a mixed gas 
of C 4 F 8 and CO is used as a reaction gas for RIE. When 
dry etching is effected using such a reaction gas, the 
second stopper layer 7 is hardly etched so that the sec- 
ond interlevel insulator 6 is protected from etching. so 

A low-dielectric-constant insulating layer 5a is 
embedded in the etched portion between the upper 
interconnect lines 10 as described in FIG. 1. Here, the 
low-dielectric-constant insulating layer 5a is formed in a 
similar manner to the low-dielectric-constant insulating 55 
layer 5 between the lower interconnect lines 3. 

As described above, a low-dielectric-constant insu- 
lating layer is selectively formed in a predetermined 



region so that even in the case of a miniaturized inter- 
connect structure, both of lowering in the propagation 
rate of signals due to a marked increase in a parasitic 
capacitance between interconnect layers and frequent 
occurrence of crosstalk between interconnect layers 
can be prevented. 

In addition, an interlevel insulator having a small 
coefficient of thermal expansion and high strength is 
used in a widely-spaced region between interconnect 
lines, which makes it possible to overcome the problem 
of crack generation in an interlevel insulator which 
would take place when a low-dielectric-constant insulat- 
ing layer is used in all the regions as an interlevel insu- 
lator. 

Furthermore, in the present invention, an interlevel 
insulator is formed so as to be embedded between the 
interconnect lines in the lower interconnect layer, which 
prevents the formation of a large stepped portion on the 
surface of the interlevel insulator, thereby making it 
much easier to form the upper interconnect layer of mul- 
tilevel interconnection. 

[Second Embodiment] 

A description will next be made of the second 
embodiment of the present invention with reference to 
FIGS. 5 and 6. FIG. 5 is a cross-sectional view of an 
interconnect part for illustrating the second embodiment 
of the present invention; and FIG. 6 is a cross-sectional 
view of such an interconnect structure in the order of 
fabrication steps. The members similar to those in the 
first embodiment are indicated by the like reference 
numerals. 

As illustrated in FIG. 5, a first stopper layer 2 having 
a small film thickness is formed on a thick insulating 
layer 1 formed on the surface of a semiconductor sub- 
strate. Here, the thick insulating layer 1 is an element 
isolation insulating layer such as field oxide layer. On 
the first stopper layer 2, an intermediate insulating layer 
15 is formed. The intermediate insulating layer 15 is 
overlaid with a third stopper layer 16, followed by the for- 
mation of a plurality of lower interconnect lines 3 on the 
third stopper layer 3. 

Similar to the first embodiment, a first interlevel 
insulator 4 is formed in a widely-spaced region between 
adjacent lower interconnect lines 3, while a low-dielec- 
tric-constant insulating layer 5 is formed in a narrowly- 
spaced region between adjacent interconnect lines. In 
this case, as illustrated in FIG. 5, a protective insulating 
layer 17 is formed between lower interconnect lines and 
low-dielectric-constant insulating layers 5. 

A second interlevel insulator 6 and a second stop- 
per layer 7 are formed by stacking them one after 
another so as to cover the lower interconnect layers so 
formed. A metal plug 9 is filled in a predetermined 
region of the stacked insulating layers to form an lectric 
connection with one of the lower interconnect lines 3. 
Upper interconnect lines 10 are formed on the second 
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stopper layer 7 and one of them is electrically con- 
nected with the metal plug 9. 

In a similar to the above-described lower intercon- 
nect layer, a fourth inter level insulator 11 is formed in a 
widely-spaced region between upper interconnect lines 5 
10, while a low-dielectric-constant insulating layer 5a is 
formed in a narrowly-spaced region between adjacent 
interconnect lines. Here, a protective insulating layer 
17a is formed between the upper interconnect lines 10 
and a low-dielectric-constant insulating layer 5a. 10 

As described above, an insulating layer having low 
hygroscopicity and high strength is formed in a widely- 
spaced region between adjacent interconnect lines, 
while a low-dielectric-constant insulating layer is selec- 
tively formed in a narrowly-spaced region between adja- 15 
cent interconnect lines. In this case, a protective 
insulating film is formed between the interconnect layers 
and low-dielectric-constant insulating layer. 

A description will next be made of a fabrication 
process of the interconnect structure as described 20 
above with reference to FIG. 6. Fabrication steps up to 
that illustrated in FIG. 3(b) are effected as in the first 
embodiment. 

Described specifically, as illustrated in FIG. 6(a), a 
thick insulating layer 1 is overlaid with a first stopper 25 
layer 2, followed by the formation of an intermediate 
insulating layer 15 on the first stopper layer 2 by the 
CVD method. Here, the intermediate layer 15 is a silicon 
dioxide film of about 300 nm thick. A third stopper layer 
16 is deposited by the plasma CVD method. The third 30 
stopper layer 16 is a silicon nitride film of about 50 nm 
thick. 

Lower interconnect lines 3 and a first inter level insu- 
lator 4 are formed by the formation method of 
damascene interconnection. Resist masks 14 are then 35 
formed, and with these resist masks 14 and a portion of 
the lower interconnect lines 3 as etching masks, the first 
interlevel insulator 4, third stopper layer 16 and interme- 
diate insulating layer 15 are removed by RIE from a nar- 
rowly-spaced region between adjacent interconnect 40 
lines. Here the distance between the lower interconnect 
lines are set at about 3.5 fim. As illustrated in FIG. 6(a), 
the interlevel insulator between the lower interconnect 
lines 3 are removed by etching even to a region deeper 
than the position of the bottom surface of the intercon- 45 
nect lines. 

As illustrated in FIG. 6(b), a protective insulating 
layer 1 7 having a small film thickness is formed to cover 
all over the surface. The protective insulating layer 17 is 
a silicon oxide film of about 50 nm thick deposited by the so 
plasma CVD method. Then, a low-dielectric-constant 
insulating layer 5 is formed by filling the same. As the 
low-dielectric-constant insulating layer 5, an organic 
insulating film having hygroscopicity, for example, a 
polyimide film is used. Alternatively, an inorganic insu- 55 
lating layer such as SiOF r SiBN film is used. In the 
above manner, the low-dielectric-constant insulating 
layer 5 to be formed between the lower interconnect 



lines 3 is filled into a region deeper than the position of 
the bottom surface of the interconnect lines. 

As illustrated in FIG. 6(c), a second interlevel insu- 
lator 6 and a second stopper layer 7 are formed on the 
protective insulating layer 17 and low-dielectric-con- 
stant insulating layer 5 by stacking them one after 
another. Here, the second interlevel insulator 6 is a sili- 
con dioxide film of about 500 nm thick deposited by the 
plasma CVD method. The second stopper layer 7 is, on 
the other hand, a silicon nitride film of about 50 nm thick 
deposited by the plasma CVD method. 

In a predetermined region of the second interlevel 
insulator 6, second stopper layer 7 and protective insu- 
lating layer 7, formed is a through-hole, in which a metal 
plug 9 is filled to form an electric connection with the 
lower interconnect lines 3. Here, the metal plug 9 is 
formed, for example, by polishing an unnecessary por- 
tion of a tungsten film, which has been deposited by the 
CVD method, by the CMP method. 

The second stopper layer 7 is then overlaid with 
upper interconnect lines 10 and a fourth interlevel insu- 
lator 11. The formation method of such an upper inter- 
connect layer is similar to that of the interconnect layer 
in the first embodiment. As illustrated in FIG. 6(c), a 
resist mask 1 8 is formed and the fourth interlevel insula- 
tor 1 1 and second stopper layer 7 between the upper 
interconnect lines 10 are etched successively by RIE. 

Then, a protective insulating layer 17a is formed all 
over the surface after resist masks 18 are remved, as 
illustrated in FIG. 5. The protective insulating layer 17a 
is formed in a similar manner to the above-described 
protective insulating layer 17. A low-dielectric-constant 
insulating layer 5a is filled between the upper intercon- 
nect lines 10. The low-dielectric-constant insulating 
layer 5a is formed in a similar manner to the low-dielec- 
tric-constant insulating layer 5 between the lower inter- 
connect lines 3. 

According to the second embodiment, a low-dielec- 
tric-constant insulating layer is filled between adjacent 
interconnect lines having a surface covered with a pro- 
tective insulating layer. It is therefore possible to employ 
as the low-dielectric-constant insulating layer that hav- 
ing high hygroscopicity or low insulating property. 

A low-dielectric-constant insulating layer formed 
between lower interconnect lines has been filled into a 
region deeper than the position of the bottom surface of 
the interconnect lines so that a parasitic capacitance 
formed between the bottom portions of adjacent inter- 
connect lines, that is, between the end portions of adja- 
cent interconnect lines can be reduced. 

[Third Embodiment] 

A description will next be made of the third embod- 
iment of the present invention with reference to FIG. 7. 
FIG. 7 is a cross-sectional view of an interconnect por- 
tion for illustrating the third embodiment. 

As illustrated in FIG. 7, a plurality of lower intercon- 
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nect lines 3 and a first interlevel insulator 4 are formed 
on a thick insulating layer 1 by the damascene method. 
On the lower interconnect lines 3, a hard mask layer 19 
is formed. This hard mask layer 19 is a silicon dioxid 
film of about 300 nm thick. In a narrowly-spaced region 
between interconnect lines, a low-dielectric-constant 
insulating layer 5 is formed. Here, the surface of the 
thick insulating layer 1 is etched. The low-di electric-con- 
stant insulating layer 5 is filled in a region ranging from 
a position deeper than the bottom surface of the lower 
interconnect lines 3 even to a position higher than the 
upper surface of the lower interconnect lines 3. The first 
interlevel insulator 4 is composed of an ordinarily 
employed silicon dioxide film, while the low-dielectric- 
constant insulating layer 5 is composed of an organic 
insulating layer or the like. A relative dielectric constant 
of the low<Jielectric-constant insulating layer 5 is set to 
become smaller than that of the first interlevel insulator 
4. Incidentally, an etching stopper layer is not formed in 
this embodiment so that etching is controlled by time. 

A second interlevel insulator 6 is formed so as to 
cover the lower interconnect layer thus formed and it is 
planarized by the CMP method. In a predetermined 
region of the second interlevel insulator 6, a metal plug 
9 is formed to provide an electrical connection with the 
lower interconnect lines 3. On the second interlevel 
insulator 6, upper interconnect lines 10 and a hard mask 
layer 19a are formed and connected electrically with the 
metal plug 9. Here, the second interlevel insulator 6 is 
formed of a conventionally-employed silicon dioxide film 
or the like having low hygroscopicity. 

In a similar manner to the lower interconnect lines 
as described above, a fourth interlevel insulator 1 1 is 
formed in a widely-spaced region between the upper 
interconnect lines 10, while a low-dielectric-constant 
insulating layer 5a is formed in a narrowly-spaced 
region between interconnect lines. The surface of the 
second interlevel insulator 6 is etched so that the low- 
dielectric-constant insulating layer 5a is filled into a 
position deeper than the bottom surface of the upper 
interconnect lines 10. The low-dielectric-constant insu- 
lating layer 5a is filled into a position higher than the 
upper surface of the upper interconnect lines 10. 

The fabrication process of the above interconnect 
structure is similar to that described in the first embodi- 
ment but differs mainly in that an etching stopper layer 
is not formed and a hard mask layer is formed. In the 
interconnect structure according to the third embodi- 
ment, a predetermined region of a thick insulating layer 
1 corresponding to a region between interconnect lay- 
ers is holed and a hard mask layer is formed on the 
upper surface of the interconnect lines. The hard mask 
layer is formed as follows. In a similar manner to the first 
embodiment, grooves are formed in the first interlevel 
insulator 4 and a metallic material is filled in the grooves 
to form lower interconnect lines 3. Then, the upper sur- 
face of the lower interconnect lines are overlaid with an 
inorganic insulating layer, for example, to a thickness of 



200 nm as the hard mask layer. A resist is formed on the 
upper surface of the hard mask layer. A portion of the 
resist on a region to form a low<lielectric-constant insu- 
lating layer therein is removed and with the remaining 

5 portion of the resist as a mask, the inorganic insulating 
layer and the interlevel insulator thereunder are etched. 
In the etched portion, a low-dielectric-constant insulat- 
ing layer is formed. 

The third embodiment makes it possible to reduce a 

10 parasitic capacitance formed between the bottom por- 
tions and top portions of the adjacent interconnect lines, 
that is, end portions of the adjacent interconnect lines. 

Incidentally, examples of the low-dielectric-constant 
insulating film usable in the present invention include, in 

15 addition to those described in the above embodiments, 
HSQ (hydrogen silsesquioxane), polyaryl ether, fluori- 
nated polyaryl ether, inorganic polysilazane, organic 
polysilazane, BCB (benzocyclobutene), MSQ (methyl 
silsesquioxane), fluorinated polyimide. plasma CF poly- 

20 mer, plasma CH polymer, teflon AF(trade mark), 
parylene N(trade mark; polyparaxylylene N), parylene 
AF-4(trade mark; polyparaxylylene F) and polynaphtha- 
lene N. 

As described above, in the interconnect structure of 

25 the semiconductor device according to the present 
invention, an insulating layer, such as silicon dioxide 
film, having high strength and low hygroscopicity is 
formed in a widely-spaced region between interconnect 
lines, while a low-dielectric-constant insulating layer is 

30 formed selectively in a narrowly-spaced region between 
interconnect lines. 

Even if the interconnect structure becomes minia- 
turized and a distance between interconnect lines 
becomes narrow, a reduction in a propagation rate of 

35 signals due to a marked increase in the parasitic capac- 
itance between interconnect layers and frequent occur- 
rence of crosstalk between interconnect layers can 
therefore be prevented. 

In addition, it becomes possible, as described 

40 above, to select an interlevel insulator having a small 
coefficient of thermal expansion and a high strength in a 
widely-spaced region between interconnect lines, which 
completely prevents cracks in the interlevel insulator 
which tend to occur in the case where a low-dielectric- 

45 constant insulating layer is used for the whole region as 
an interlevel insulator. 

Furthermore, in the present invention, an interlevel 
insulator is formed so as to fill it between interconnect 
lines in a low interconnect layer, which prevents the for- 

so mation of a large stepped portion on the surface of the 
interlevel insulator, thereby making it easier to form the 
upper interconnect layer of a multilevel interconnection. 

In the above-described manners, the present inven- 
tion facilitates the heightening of performance and 

55 improvement of reliability of miniaturized multilevel inter- 
connection associated with miniaturisation or function 
increase of the semiconductor device. 
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Claims 

1 . A semiconductor device wherein a plurality of inter- 
connect lines are disposed, through an insulating 
layer, on a same layer above a semiconductor sub- s 
strate having a semiconductor element, a first inter- 
level insulator is formed selectively in a narrowly- 
spaced region between adjacent interconnect lines 

of said plurality of interconnect lines, a second 
interlevel insulator is formed in a widely-spaced 10 
region between adjacent interconnect lines, and 
said first interlevel insulator has a dielectric con- 
stant smaller than said second interlevel insulator. 

2. A semiconductor device according to claim 1, 15 
wherein said first interlevel insulator has been 
formed in a region of one section including said plu- 
rality of interconnect lines. 

3. A semiconductor device according to claim 1 or 2, 20 
wherein a portion of said insulating layer on said 
semiconductor substrate in said narrowly-spaced 
region between adjacent interconnect lines has 
been holed and said first interlevel insulator has 
been filled in a region between said interconnect 25 
lines and in the holed portion of said insulating 
layer. 

4. A semiconductor device according to claim 1 , 2 or 

3, wherein third interlevel insulators having a dielec- 30 
trie constant greater than that of said first interlevel 
insulator have been formed only on the upper sur- 
face of said interconnect lines and said first inter- 
level insulator has also been filled in a region 
between said third interlevel insulators on said 35 
interconnect lines. 

5. A semiconductor device according to any of claims 
1-4, wherein a fourth interlevel insulator having a 
dielectric constant greater than that of said first 40 
interlevel insulator has been formed on a side wall 

of said interconnect lines. 

6. A semiconductor device comprising a multilevel 
interconnect structure formed on a semiconductor as 
substrate, wherein lower interconnect structure and 
upper interconnect structure each has interconnect 
structure as claimed in any of claims 1-5. 

7. A process for the fabrication of a semiconductor so 
device, which comprises a step of forming, on a 
semiconductor substrate, a base interlevel insulator 
and a first etching stopper layer by stacking said 
layers one after another; a step of forming an inor- 
ganic insulating layer having a predetermined thick- ss 
ness on said first etching stopper layer; a step f 
dry etching said inorganic insulating layer to form 
grooves for a plurality of interconnect patterns in 



said inorganic insulating layer while preventing the 
etching of said base interlevel insulator by using 
said first etching stopper layer as a stopper; a step 
of filling a metallic material in said grooves, thereby 
forming a plurality of interconnect lines; a step of 
removing said inorganic insulating layer between 
predetermined ones of said interconnect lines while 
preventing the etching of said base interlevel insu- 
lator by using said first etching stopper layer as a 
stopper; and a step of embedding a low-dielectric- 
constant insulating layer in said inorganic-insulat- 
ing-layer-removed region between said intercon- 
nect lines. 

8. A process for the fabrication of a semiconductor 
device, which comprises a step of forming a base 
interlevel insulator, a first etching stopper layer, an 
intermediate interlevel insulator and a second etch- 
ing stopper layer on a semiconductor substrate by 
stacking said layers in the order of mention; a step 
of forming an inorganic insulating layer of a prede- 
termined film thickness on said second etching 
stopper layer; a step of dry etching said inorganic 
insulating layer, thereby forming grooves for a plu- 
rality of interconnect patterns in said inorganic insu- 
lating layer while preventing the etching of said 
intermediate interlevel insulator by using said sec- 
ond etching stopper layer as a stopper; a step of fill- 
ing a metallic material in said grooves, thereby 
forming a plurality of interconnect lines; a step of 
removing a predetermined region of said inorganic 
insulating layer between said interconnect lines, 
said second etching stopper layer and said interme- 
diate interlevel insulator, by dry etching while pre- 
venting the etching of said base interlevel insulator 
by using said first etching stopper layer as a stop- 
per; and a step of embedding a low-dielectric-con- 
stant insulating layer in said removed region 
between said interconnect tines. 

9. A process for the fabrication of a semiconductor 
device, which comprises a step of forming a base 
interlevel insulator, a first etching stopper layer, an 
intermediate interlevel insulator and a second etch- 
ing stopper layer on a semiconductor substrate by 
stacking said layers in the order of mention; a step 
of forming, on said second etching stopper layer, a 
first inorganic insulating layer having a predeter- 
mined thickness; a step of dry etching said first inor- 
ganic insulating layer to form grooves for a plurality 
of interconnect patterns in said first inorganic insu- 
lating layer, while preventing the etching of said 
intermediate interlevel insulator by using said sec- 
ond etching stopper layer as a stopper; a step of fill- 
ing a metallic material in said grooves to form a 
plurality of interconnect lines and then adhering a 
second inorganic insulating layer on the upper sur- 
face of said first inorganic insulating layer and said 
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interconnect lines; a step of removing a predeter- 
mined region of said second inorganic insulating 
layer, said first inorganic insulating layer between 
said interconnect lines, said second etching stop- 
per layer and said intermediate interlevel insulator 5 
by dry etching while preventing the etching of said 
base interlevel insulator by using said first etching 
stopper layer as a stopper; and a step of embed- 
ding a low-dielectric-constant insulating layer in 
said removed region between said interconnect 10 
lines. 

10. A process for the fabrication of a semiconductor 
device, which comprises a step of forming a base 
interlevel insulator on a semiconductor substrate; a 15 
step of forming, on said base interlevel insulator, an 
inorganic insulating layer having a predetermined 
film thickness; a step of dry etching said inorganic 
insulating layer to form therein grooves for a plural- 
ity of interconnect patterns; a step of filling a metal- 20 
lie material in said grooves, thereby forming a 
plurality of interconnect lines, a step of removing 
said inorganic insulating layer between predeter- 
mined ones of said interconnect lines by dry etch- 
ing; and a step of embedding a low<lielectric- 25 
constant insulating layer in said inorganic-insulat- 
ing-layer-removed region between said intercon- 
nect lines. 

11. A process for the fabrication of a semiconductor so 
device, which comprises a step of forming a base 
interlevel insulator on a semiconductor substrate; a 
step of forming on said base interlevel insulator a 
first inorganic insulating layer having a predeter- 
mined film thickness, a step of dry etching said first 35 
inorganic insulating layer, thereby forming grooves 

for a plurality of interconnect patterns in said first 
inorganic insulating layer; a step of forming a plural- 
ity of interconnect lines by filling a metallic material 
in said grooves and adhering a second inorganic 40 
insulating layer onto the upper surfaces of said first 
inorganic insulating layer and said interconnect 
lines; a step of removing a predetermined region of 
said second inorganic insulating layer and said first 
inorganic insulating layer between said intercon- as 
nect lines by dry etching; and a step of embedding 
a low-dielectric-constant insulating layer in said 
first- and second-inorganic-insulating-layers 
removed region between said interconnect lines. 

50 

12. A process according to any of claims 7-11, further 
comprising a step of forming a third inorganic insu- 
lating layer on side walls of said interconnect lines 
prior to the step of embedding said low^lielectric- 
constant insulating layer. 55 



10 



EP 0 851 471 A2 




11 



EP 0 851 471 A2 

FIG.2 



72 72 11 12 12 




4- 4- 4- 73 4- 4- 




12 



EP 0 851 471 A2 

FIG.3 



ft ft ft 





EP0 851 471 A2 





EP 0 851 471 A2 



FIG.5 



// 9 10 17 11 $ W 5a 170/0 




4- IS 3 5 3 $ 17 3 15 2 3 1 5 17 



15 



EP0 851 471 A2 

FIG.6 



/4- /4 n 




4 75 4- 2 7 




EP0 851 471 A2 



FIG.7 



„ 1% 
11 j JO 



19 11 19 10 (j \ 10 




4- 353 53 4-1 19 35 3 



17 



EP0 851 471 A2 





18 



EP0 851 471 A2 



FIG.9 Prior Art 




103a 10 W06 101 103b 101 



19 



